Background: Cancer survival rates in the UK are lower in comparison with similar countries in Europe and this may be linked to socioeconomic inequalities in stage of cancer diagnosis and survival. Targeted cancer awareness interventions have the potential to improve earlier symptomatic diagnosis and reduce socioeconomic inequalities in cancer outcomes. The health check is an innovative, theory-based intervention designed to increase awareness of cancer symptoms and risk factors, and encourage timely help seeking among adults living in deprived communities.
Background
Cancer is the leading cause of deaths in high income countries [1] and research has shown that 42% of people who died in the UK during 2008 had a cancer diagnosis at some point in their life, with tumours being the cause of death in 64% of these patients [2] . Half of people diagnosed with cancer in the UK survive for 10 or more years and this survival rate has doubled over the past 40 years [3] . However, UK survival rates have been consistently lower in comparison with similar countries in Europe [4] [5] [6] [7] and this may be linked to socioeconomic inequalities in stage of cancer diagnosis [8] [9] [10] . The "patient interval" is defined as the time between appraising a bodily change as a potential symptom of cancer and presenting in primary care [11] . The patient interval accounts for the greatest proportion of time in the pathway from discovering a symptom to the start of cancer treatment [12] , and has been found to lengthen with increasing socioeconomic deprivation [13] . The revised NAEDI (National Awareness and Early Diagnosis Initiative) pathway (see Additional file 1) describes the influence of socioeconomic status on cancer survival and premature mortality in the United Kingdom [14] . The NAEDI pathway hypothesises that background factors such as low public awareness, barriers to help-seeking and negative beliefs about cancer can negatively influence presentation to primary care.
Barriers to early cancer symptom presentation include lack of knowledge about potential cancer symptoms [15] , fatalism and denial [16] , fear of treatment and diagnosis, fear of dying [17] and misinterpretation of symptom seriousness [18] . A systematic review of the influences of awareness and beliefs on symptom presentation demonstrated that fearful and fatalistic beliefs about cancer are associated with longer symptom presentation times in individuals from areas of socioeconomic deprivation [16] . Evidence-based initiatives that aim to increase awareness of potential cancer symptoms and minimise barriers to early cancer diagnosis among people living in deprived communities have the potential to improve cancer outcomes and reduce socioeconomic inequalities [11, 18] .
The health check is a theory-based intervention designed and developed in a previous phase of work undertaken by the authors in partnership with Tenovus Cancer Care, a Welsh cancer charity. The aim of the health check is to improve awareness of cancer symptoms and risk factors, encourage positive beliefs about early detection, and increase motivation to seek help among adults living in socioeconomically deprived communities. The intervention is primarily designed to reduce the patient interval, but also includes advice on cancer screening and lifestyle risk factors in order to synergise early detection and prevention messages [19] .
To our knowledge this is the first study in the United Kingdom to use an interactive touchscreen tablet as the technological component of a multifaceted, complex intervention aimed at improving cancer awareness and symptom presentation.
In accordance with the MRC framework for complex interventions [20] , developmental work to refine the health check was previously undertaken in phase 1 of ABACus (Awareness and Beliefs About Cancer) from November 2014 to October 2015, and was informed by a theoretical understanding of barriers and enablers to timely help seeking among people living in disadvantaged communities [19] . During phase 1, the Behaviour Change Wheel [21] was used to refine the delivery and content of the health check through a systematic process involving the identification of four intervention functions (education, 1 enablement, 2 persuasion 3 and environmental restructuring 4 ) and corresponding behaviour change techniques to include in the intervention [22] . Importantly, the health check is facilitated by a lay advisor who is trained to engage participants and deliver theory-based behaviour change techniques.
The purpose of the current study (ABACus phase 2) was to test the feasibility and acceptability of the health check intervention in community and health care settings in socioeconomically deprived areas. Specific objectives were to conduct a before and after questionnaire study to evaluate feasibility of recruitment, reach to and retention of the target audience (primary outcomes), potential for change in cancer symptom recognition and help-seeking intentions/behaviours and unintended consequences relating to anxiety (secondary outcomes), and to carry out qualitative interviews to understand how the intervention was viewed by adults living in deprived communities.
Methods
The research was conducted in line with the MRC guidance for development and evaluation of complex interventions [20] . The study materials and protocol were approved by NHS Health Research Authority: National Research Ethics Service (Reference: 14/NW/1104) and all participants gave written informed consent.
The intervention
The health check is a tablet-based interactive touchscreen questionnaire that takes around 30-45 min to complete and is delivered face-to-face by a trained lay advisor. The touchscreen questionnaire includes 26 questions covering the domains of personal history ("About you"), lifestyle ("Your lifestyle") and symptom experience ("Your health") (see Additional file 2 for full list of questions). Personalised results are given in a traffic light system, with 'green' indicating results where no signposting or change is suggested, 'amber' indicating an area where signposting or change could be considered, and 'red' results indicating that action should be taken. Categorisation of results for lifestyle risk factors is based on existing NICE, NHS and government guidelines [23] [24] [25] [26] . Manualised advice and signposting to relevant services (for example General Practitioner, local stop smoking services and weight loss services) are provided by the lay advisor based on the personalised results. At the end of the health check, participants receive a printout of their results and a brief action plan. The health check content, underpinning intervention functions and behaviour change techniques are detailed in Table 1 .
Sample
Participants were adults aged 40 years and over recruited opportunistically in healthcare and non-medical community settings in "Communities First" areas. Communities
First was a Welsh Government programme that focused on tackling poverty by supporting the most disadvantaged people in the most deprived areas of Wales. Non-English speakers and those unable to give informed consent were excluded. Participants were approached at each site by a member of the research team and provided with study materials. Participants were offered a £10 high street shopping voucher after completion of the baseline questionnaire and intervention. A further £5 high street shopping voucher was offered at completion of the one month follow-up questionnaire.
The purposive sampling framework consisted of ten settings across two study sites. Participants were recruited from settings identified during phase 1: three community based locations (local community groups, one-to-one sessions, local events) and two healthcare settings (GP practices, community pharmacies). Existing community contacts, such as Communities First staff Provides participants with an overview of their health check results, to act as a prompt for change (e.g. discussion at their GP appointment). 
Data collection procedures
Data regarding the number of participants who were approached, agreed to participate, completed the baseline questionnaire, and completed one month follow-up were collected by the researcher (PS). Baseline questionnaire data were collected by PS, who had relevant training in qualitative research methods. The data were captured on computer based forms using an iPad, for direct capture to a secure Cardiff University server. The health check took place in a suitable private room with the lay advisor present. One month follow-up took place by telephone and those who were unable to be contacted after three attempts were sent a postal version of the questionnaire and a pre-paid envelope.
Socio-demographic characteristics
Socio-demographic characteristics were gathered on age, sex, education level, employment status, ethnic origin, home/living arrangement and relationship status. Socioeconomic group was assessed by matching postcodes to the Welsh Index of Multiple Deprivation (WIMD) (lower super-output areas).
Outcome measures Primary outcomes
Primary outcomes included recruitment of 100 participants within a four month period, recruitment of at least 50% of participants in the lowest deprivation quartile, and a loss to follow-up rate of no higher than 30%.
Secondary outcomes
Cancer symptom recognition Cancer symptom recognition was measured using items adapted from the validated ABC measure [27] . Recognition of potential cancer symptoms was assessed using the question stem 'Please tell us if you think the following are warning signs of cancer' followed by a series of cancer symptoms. Symptoms included in the ABC were adapted to assess recognition of 14 symptoms that were included in the intervention. Responses were dichotomised for analysis (i.e. 'yes' versus 'no/don't know'), with 'yes' responses summed to derive a total cancer symptom recognition score with a score range of 0 to 14 [27] .
Anticipated symptom presentation The ABC measure [27] was adapted to assess anticipated time to presentation for symptoms that could indicate cancer. To reduce participant burden, anticipated presentation was anchored to two classic cancer symptoms (' an unusual lump' , 'blood in your poo') and two non-specific symptoms (' a cough that won't go away' ,'losing weight without trying to'). Response options were recoded to create a binary measure of anticipated symptom presentation ('more than 3 weeks' and 'under 3 weeks').
State anxiety The short-form state scale of the State Trait Anxiety Inventory (STAI) [28] was included to measure unintended negative consequences of taking part in the health check.
Process evaluation measures Three questions were included to evaluate intervention acceptability: 'How useful did you find the information in the health check?' ('not at all useful' , 'somewhat useful' , 'moderately useful' and 'very useful'); 'What did you think about the amount of information in the health check?' ('not enough' , 'about right' and 'too much'), and 'Would you recommend the health check to friends or family?' ('yes' or 'no').
Qualitative interviews
The baseline consent form included permission to contact participants regarding further participation in process evaluation interviews after they completed the one month follow-up questionnaire. Participants were sampled using maximum variation sampling based on age, gender and intervention location, and interviewed after completion of one month follow-up. Study recruitment materials were posted to those who expressed an interest and the researcher contacted respondents to arrange a time, date and location to carry out the interview. Participants were also given a £10 shopping voucher after the interview. Face-to-face interviews were conducted by PS and explored use of the health check, views and feedback on acceptability of the health check setting, and perceptions of whether any indicated change in behaviour was acceptable and supported by friends/family members.
Analysis Data regarding recruitment, retention rates and socio demographic characteristics of participants were summarised. Questionnaire data were summarised with an arithmetic mean, and the crude mean change in total cancer symptom recognition score from baseline to one month follow-up was analysed. Where participants failed to respond to individual items within an instrument at a specific time point, but completed more than 75% of items, an arithmetic average was imputed for the items that they failed to answer. Participants who were recorded as having missing instrument data were not included in the analysis population. Descriptive statistics were used to assess proportions of individual cancer symptoms recognised and anticipated time to symptom presentation at baseline and one month. Statistical analysis was carried out using IBM SPSS Statistics V.23.
The anonymised process evaluation interviews were analysed thematically by PS using NVivo. An inductive approach to the data was adopted which involved familiarisation with the data, coding and searching, reviewing and defining themes that emerged. Dual coding of 20% of the interview transcripts was conducted by SS and KB, and discrepancies were resolved through discussion.
Results

Primary outcomes Study recruitment
One hundred and eighty five people were approached to take part in the study and 103 (56%) agreed to participate. Five of those who agreed to take part did not meet the inclusion criteria. A total of 98 people were eligible (95%) and 100% of these completed the baseline questionnaire and intervention. There was a loss to follow-up of 15% with 83 participants (85%) completing the one month follow-up assessment. Sixty-six participants (67%) were recruited in community settings and 32 (33%) were recruited in healthcare settings. Figures demonstrating intervention feasibility, including rates of completion using telephone and postal follow-up methods, are presented in Fig. 1 .
Socio-demographic characteristics
Baseline socio-demographic characteristics of the 98 respondents are shown in Table 1 . Sixty-one percent of participants were aged 60 years or more and 65% were female. Fifty-seven percent of participants were from the lowest WIMD deprivation quartile. Fifty-one percent or participants were retired and 55% had no formal education. Ninety-three percent of the participants described their ethnic origin as British and 12% reported having ever had a cancer diagnosis (Table 2) .
Secondary outcomes Cancer symptom knowledge
Participants recognised on average one extra cancer symptom post intervention, with an average total symptom recognition score of 10 (score range: 0-14) at baseline and 11 (score range: 0-14) at follow up. As shown in Table 3 , baseline ceiling effects were observed for recognition of specific cancer symptoms including lump (95%), rectal bleeding (94%) and a change in how skin looks (91%). The highest potential for improved symptom recognition was observed for unexplained change in appetite (41 to 65%), feeling bloated on most days (37 to 52%) and problems when peeing (50 to 66%).
Anticipated symptom presentation
As depicted in Fig. 2 , the largest improvement in anticipated time to symptom presentation was for persistent cough (32%), followed by unintended weight loss (14%). Anticipated symptom presentation increased by 6% for blood in stools and increased by 2% for an unusual lump.
State anxiety
The mean state anxiety score was 33.4 (SD = 12.6, range 20-80) at baseline and 34.3 (SD = 11.5, range 20-63) at one month follow-up. Scores at both time points were within the normal range [28] .
Process measures of acceptability
Sixty-four participants (77%) at one month follow-up described the information in the health check as very useful, with 13 participants (16%) describing it as moderately useful and six (7%) as somewhat useful. Seventy-five participants (90%) thought the amount of information in the health check was about right, three (4%) thought there was too much, and five (6%) said there was not enough information. All 83 respondents (100%) said that they would recommend the health check to their family or friends.
Qualitative interviews
Thirteen men and 12 women were interviewed, with a mean age of 66 years (range: 40-82). Interviews were on average 25 min long (range 14-43 min). Key themes included intervention acceptability and changes in symptom awareness and behaviour. Sample quotes are presented in Table 4 and referred to within the text in parentheses.
Intervention acceptability
The rapport that was built between the lay advisor and the participant was an important aspect of intervention acceptability. Participants felt as though they were listened to and could therefore discuss sensitive topics during the health check (A). Participants' overall views and experiences of doing the health check were positive and they found the content of the intervention engaging. Furthermore, participants reported that being approached in a community setting to talk about cancer was acceptable. It was felt that the friendly and informal nature of the intervention made for a pleasant, empowering experience and health check users enjoyed having the opportunity for focused discussion on their health (B).
A range of preferences were expressed for completion of the onscreen health check questionnaire. Older participants expressed a preference for the lay advisor to facilitate completion of health check. However, some participants felt confident in completing the health check on the iPad. Both methods of delivering the health check were found to be acceptable and the tailored nature of the intervention meant that either method could be easily implemented (C).
Participant feedback regarding the intervention content, such as the information presented and the language used, demonstrated that it was acceptable to users. Participants did not express any difficulties with understanding the information given to them during the health check and thought it was delivered in an easy to understand, user friendly manner (D). Some participants mentioned that the health check was slightly repetitive and that there was too much information (E). Some symptom questions in the health check, such as feeling bloated and losing weight without trying to, were difficult for some participants to answer. This was mainly due to the older age of the sample and potential for comorbid health issues that gave rise to some participants experiencing symptoms included in the health check (F).
While the results section was generally acceptable to participants, some felt that exploring "green" results (where no action was suggested) was not as beneficial as discussing "amber" or "red" results (where action was indicated). These participants felt they already knew about certain cancer symptoms and that some risk factors were not relevant to them. They therefore considered that in-depth coverage of these areas was not beneficial (G).
Distance to travel to do the health check was generally considered by participants to be convenient and the ability to easily access the health check was described as important. Many of the health check locations were situated centrally within deprived communities and at a venue where potential participants would attend during the day (H).
Changes in symptom awareness and behaviour
Participants described making changes to their lifestyles since taking part in the health check, including improving their diet, engaging in more physical activity and decreasing alcohol consumption. The importance of social networks, such as family and friends, in supporting these changes was reported by participants. Receiving social support meant that participants were more motivated to continue eating a healthy diet and these changes could in turn positively impact family members (I). The intervention made participants think more about their health in relation to their age and acted as a prompt to consider making changes to their diet, smoking habits and alcohol consumption (J). Many participants described the health check as an opportunity to identify areas of their health and lifestyle that they could improve.
Participants discussed the importance of checking for potential symptoms of cancer, and many participants reported carrying out health protective behaviours, such as checking for lumps in the shower, since taking part in the intervention. The ability to integrate these behaviours into a daily routine, such as showering or getting dressed, was mentioned and suggests that since doing the health check many participants found this behaviour change to be manageable and easy to adopt (K).
Participants reflected on new knowledge that they had obtained from the health check about presenting to their GP with vague cancer symptoms, such as a persistent cough. Before taking part in the intervention, participants discussed not having previous knowledge of these potential symptoms and that the intervention offered new information about the importance of presenting to the doctor (L, M).
Discussion
To our knowledge the current study is the first to evaluate a community-based intervention designed to increase cancer awareness and encourage early symptom presentation among adults living in deprived communities. The current feasibility phase was an opportunity to explore contextual factors relating to recruitment settings and to enhance the "My daughter now will, instead of making chocolate sandwiches for work, I will do her a pasta salad and things like that so they love it, they love the change." Female, 40
intervention in preparation for a future trial of effectiveness. The health check intervention was found to be acceptable to participants and was feasible to deliver within community and healthcare settings, with evidence of reach to individuals from low socioeconomic groups. We found strong support for the proposed theoretical mechanisms of change likely to positively influence cancer awareness and behavioural outcomes. During phase 1 of ABACus, the Behaviour Change Wheel [21] was used to guide the selection of intervention functions and content. One of the key functions that was identified during the developmental phase as being integral to the health check was environmental restructuring [19] , with the present study providing evidence that this aspect was integral to the acceptability and feasibility of the intervention. The intervention restructured the physical and social environment through delivery in non-medical community settings, and through provision of social encouragement and support from a lay advisor who was able to build rapport with participants. Findings from the qualitative interviews confirmed that these mechanisms were practicable to implement and agreeable to participants, and that the lay advisor was perceived as a trusted source of information and advice about cancer awareness and lifestyle risks. These findings are promising, and support the recommendations of a systematic review [16] for interventions that target local communities as a way to encourage timely cancer symptom presentation among people from low socioeconomic groups. The health checks took place at convenient local community venues using opportunistic recruitment processes, thereby removing practical barriers to access such as difficulties with transport. Interview participants described the suitability of the health check locations.
The current research suggests that community-based recruitment methods are essential for engaging deprived populations in cancer awareness interventions. Although it was feasible to recruit in both community and healthcare settings, recruitment rates were higher in community venues such as health events, sheltered housing and food banks. A recent systematic review [29] found that facilitators for involving 'hard to reach' groups in health promotion interventions included the use of incentives and well-targeted community advertising. Although financial incentives were given for participation in the current study, the health check was not widely advertised. Employing highly proactive recruitment strategies in future research may help to further increase recruitment of the target population in healthcare settings.
The health check intervention was successful in reaching adults from low socioeconomic groups, with over half of the sample (55%) having no formal qualification. In addition, study retention exceeded expectations and is a further indicator of intervention feasibility and acceptability. As well as being an acceptable means of engaging participants, the health check was considered to be useful and easy to understand in terms of its information content. With a growing body of evidence suggesting that individuals with low health literacy are more likely to misunderstand health-related information [30] , and potential for low health literacy in the target population, it was essential that the health check content was accessible and comprehensible. Participants were receptive to the information delivered in the health check, and described the importance of having the lay advisor present to empower and encourage them. However, intervention feedback from the qualitative interviews suggested that the duration of the health check and repetition of content were undesirable, indicating a need for content refinements to further enhance intervention acceptability.
The current feasibility study presented an opportunity to examine the change processes underpinning the health check, and therefore its potential to influence outcomes relating to cancer awareness in socioeconomically deprived groups. Evidence from the prospective questionnaire study indicated that the combination of intervention functions reflecting education, persuasion and enablement may encourage symptom awareness and motivate behaviour change [19] . As well as increasing knowledge and awareness, an important function of the health check is to counter fearful and fatalistic beliefs about cancer [11, 31] using persuasive and empowering messages delivered by a trained lay advisor. The inclusion of theory-derived mechanisms may therefore explain the potential for change that was observed for recognition of non-specific cancer symptoms and anticipated help-seeking behaviour in the current phase. Additionally, quantitative data indicated that all participants at one month follow-up had recommended the health check to their friends or family, demonstrating the potential for health check messages to harness the 'lay system' of health care [32] and to reach individuals within surrounding social circles. Public awareness of vague cancer symptoms is poor, especially among low socioeconomic groups [33] and therefore targeted community-based cancer awareness interventions should aim to raise awareness of vague, non-specific symptoms and tackle fear associated with going to the doctor, in order to encourage early presentation.
We acknowledge the limitations of conducting this feasibility study in one location (socioeconomically deprived areas of South Wales), and that the findings may not be generalisable to other geographical areas. Participants were recruited using opportunistic sampling methods, which may also limit representativeness. However, previous research has observed similar levels of cancer knowledge, beliefs and barriers across Wales, England and Northern Ireland [34] , hence the current findings may be applicable and the intervention itself transferable to other deprived areas of the UK. The effectiveness of the health check in increasing cancer awareness and help-seeking behaviour should therefore be tested in the context of a multi-centre controlled trial. In addition, although the ABC measure has been internationally validated [27] , its validity in the context of socioeconomic deprivation is unclear and future research should aim to psychometrically test the adapted ABC measure for use with individuals from lower socioeconomic groups.
